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Development of a variety of complex silvicultures
Crown thinning

Uneven-aged stands

Retention forestry
Gap creation
Mixed stands

Seed tree selection
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Tradition in silviculture experimentation:

classification of thinning operations
(Assmann 1961, 1970; Abetz & Mitscherlich 1969; Schiitz 1990, Pretzsch 2009)

Three axes
- kind of thining (low, crown, selection, geometric ...)
- severity of thinning (tree nb, basal area, stand density index ...)
- rotation (age of first thinning, tree size at thinning ...)

Restricted to thinning

Restricted to even-aged silviculture

Structure centered

Segregation in small boxes but lack of unifying concept




Tradition in uneven-aged silviculture:
The selection cutting combines multiple objectives : harvest, thin,
regenerate ...

ProSilva method:

Determine allowable cut (allowable annual cut volume)
Decide to retain or cut each individual tree considering
- Alist of reasons to retain a tree

- Alist of reasons to cut a tree

A gradient of individual preferences appears among silviculturists
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Simulation approaches

Capsis uneven-aged manager

(Lafond et al., 2014, 2015, 2017
Courbaud et al., 2017)

A cutting strategy is defined
by a set of parameters

- Combines multiple criteria

i Al
# Uneven-aged Management u

~Limit diameters
Limit DBH for harvesting {cm) : Epicea: |57.5 |Hetre : [42.5 | sapin: |57.5 |
Limit DBH for thinning {cm) : Epicea : |27.5 |Hetre : [27.5 |sapin = |27.5 |

Minimal cutting of basal area {m2/ha) : |4.0

Standard cutting of basal area (m2/ha) : |6.0

Maximal cutting of basal area{m2/ha) : |8.0

Maximal cutting of trees DBH = DBH.Harvest (in proportion of their basal area [0,1]): 1.0
Maximal cutting of trees DEH.Thin < DBH < DBH.Harvets (in propartion of their basal area [0,1]) : |0.5

Minimum basal area after cut (m2/ha) : IE
Species proportion probability weighting power : IC
Local density probability weighting power for harvesting : IE
Local density probability weighting power for thinning : C
Minimal basal area proportion of & spedes in the stand for cutting [0,0.5] : C
Maximal aggregation area during harvesting (m2) : E
Minimal distance between 2 cut tree groups (m) : E
Mumber of trees preserved for biodiversity (nbj/ha) : IC

Proportion of the basal area of dead trees harvested ([0,1]) : 0.0
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- Virtual experiments in the parameter spaces
- Sensitivity of simulation results to silviculture parameters

- Silviculture optimisation

Limits

- Difficulty to understand the role of each parameter
- Difficulty to evolve: accumulation of ad-hoc constraints

- Unclear silviculture strategy



Objective

Build a new cutting algorithm that makes possible to :

- Simulate a large variety of strategies with a single tool

- Combine multiple criteria

- Give an equivalent role to retention and cutting

- Add new criteria easily

- Unify cutting strategies as points in a parameter space
with a clear role for each parameter

Ideas

- Double selection : Retention vs. Cutting

- Use a multicriteria optimisation approach (kangas)

- Rank trees regarding retention and cutting criteria



_, i Principle of the multicriteria thinner

Optional Step 1: Select a population of focal trees = structuring trees
Determine a global target for Focal trees (e.g. N)

Rank trees following a focal multicriteria index
Select trees in order of decreasing index up to the target

Step 2: Select a population of cut trees
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Determine a global target for Cut trees (e.g. G after cut)
Allow or not to cut focal trees

Rank trees following a cutting multicriteria index

Select trees in order of decreasing index up to the target
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Rq: Double optimization:
- The cumulated focal index of focal trees is maximized
- The cumulated cutting index of cut trees is maximized




Building an individual tree multicriteria index:
- Linear combination of individual tree criteria
- Weight of each criteria defined by the user

Example:

Focal _Index = wfl*Species
+ wf2*DBH
+ wf3 * Nb_tree_microhabitats
+ wf4 *Distance_to_nearest_focal_tree

Cut_Index = wcl*Species
+ wc2*DBH
+ wc3 *Distance_to_nearest_focal tree
+ wc4 *Distance_to_nearest_cut_tree
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Technical difficulty with distances:
Distances among trees of a same group (focal or cut) cannot be calculated
before selecting the group

Optimisation approach by simulated annealing

Select a first group of N potential focal trees
Calculate Global_Score = sum of individual tree focal indexes

Select a new potential focal tree
Replace the worst potential focal tree by the new potential focal tree
Calculate New_Global_Score

If New_Global_Score > Global_Score
Accept the new focal tree population

If New_Global_Score < Global_Score
Accept the new focal tree population with probability p
Reject the new focal tree population with probability (1-p)

Iterate
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% Simulated annealing:

#* The probability of acceptance p diminishes

when the new score is lower than the previous score
when the number of iterations increases

Accepting sometimes focal tree populations with low scores makes possible

to explore widely the space of possibilities
And avoids beeing trapped in a local maximum

L% The focal tree population with the best score is memorized
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Capsis interface

Focal quantity Target

Weights of focal criteria

Cut focal trees : yes/no

Cuting quantity target

Weights of cuting criteria

~Focal trees selection

Mumber of focal trees 10
Weight of distance to dosest focal tree : 0.0
Weight of spedes : Epicea: 1.0 |Hetre: 1.0  Sapin: II
Weight of dbh : 0.0
Weight of the number of tree microhabitats : 1
Weight of light use effidency : 0.0
Weight of random noise : 0.0
-Cut trees selection
[] Cut focal trees
Basal area after cut (m2/ha) : 25.0
Weight of distance to dosest focal tree : 0
Weight of spedes : Epicea: 0.0 |Hetre: 0.0  Sapin: E
Weight of dbh : 1.0
Weight of the number of tree microhabitats : ]
Weight of light use effidency : 0.0
Weight of distance to dosest cut tree : 0.0
Weight of random noise : 0.0
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¥ Multi Criteria Thinner

[Focal trees selection
Number of focal trees :

T

Weight of distance to dosest focal tree :

Weicht of species : Epicea: |10 |Hee: L0 Sspn: |1
Weight of dbh : X J

Retain habitat trees o s

Weight of random nose :
[ Cut trees selection
[C] Cut focal trees
Basal ares after cut (m2/ha) 2
C u t h u e t re e S Weight of distance to dosest focal tree :
g Weight of species : Epicea : Hetre : 5

Weight of dbh :
Weight of the number of tree microhabitats :

[T
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Weight of ight use effidency :
Weight of distance to dosest cut trez :

@
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Weight of random noise :

Focal trees in blue
Cut trees in red

Focal trees
N=10 Focal_Index = 1 * Nb_tree_microhabitats

Cut trees
G_AfterCut =25 Cut_Index =1 * Dbh
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Focal trees selection
Number of focal trees :

i

Weight of distance to dosest focal tree :

Weight of species : Epicea : Hetre : 55
Weight of dbh :
Weight of the number of ree microhabitats :

in:
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Weight of ght use efficiency :

Cut trees

Cut trees selecti

Far from focal trees | w..2i™ . o iooe

Weight of distance to dosest focal tree :

Vieight of species : Epicea : (0.0 |Hetre : (0.0 | Sapin:

Weight of dbh :
Weight of the number of tree microhabitats :

re u | S i O n Weight of light use effidency :
p Weight of distance to dosest cut tree :

Weight of random noise :
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Focal trees
N=10 Focal_Index = 1 * Nb_tree_microhabitats

Cut trees

G_AfterCut =25 Cut_Index =1 * Distance_to_nearest_focal_tree
13




Cut trees

Close to focal trees

(Attraction)

Focal trees

N=10 Focal_Index = 1 * Nb_tree_microhabitats

Cut trees

G_AfterCut =25 Cut_Index = -1 * Distance_to_nearest_focal_tree

¥, Multi Criteria Thinner

| Focal trees selection

Number of focal trees :
Weight of distance to dosest focal tree :
Weight of species : Epicea : Hetre : Sapin :
Weight of dbh :

Weight of the number of tree microhabitats :
Weight of light use efficency :

Weight of random noise :
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-Cut trees selection
[] Cut focal trees

Basal area after cut (m2/ha) :
Weight of distance to dlosest focal tree : E
Weight of species : Epicea : Hetre : Sapin :
Weight of dbh :
Weight of the number of tree microhabitats :
Weight of ight use efficency :
Weight of distance to dosest ut tree :

Weight of random naise :
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Cut
Huge

Fir trees
Distant from focal

trees

N=10

Cut trees

Focal trees

¥ Multi Criteria Thinner

Focal trees selection
Number of focal trees :

Weight of distance to dosest focal ree :

Veight of dbh :
Vieight of the number of tree micrahabitats :
Weight of light use efficiency :

Weight of random roise :

Veight of species : Epicea: | 1.0 |Hetre: 1.0 |Sapin: [1

T
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| Cut trees selection

[C] cut focal trees
Basal area after cut (m2/ha) :
Vieight of distance to dosest focal tree :

Weight of dbh :
Wieight of the number of tree microhabitats :

Weight of distan stcut tree
Weight of random noise :

Weight of species : Epicea : ElHEtrE: Sapu
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Focal_Index = 1 * Nb_tree_microhabitats

G_AfterCut =25 Cut_Index =10 * Fir + 1* DBH + 1 * Distance_to_nearest_focal_tree
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[ Focal trees selection IR
Number of focal frees : 10 0
Weight of distance to dosest focal tree : 1

Weight of dbh : 0.0

Weight of the number of tree microhabitats : 0 O

Weight of light use effidency : 0.0 - T _—'_ oW ]

Weight of random naise : 0.0 | O
[ Cut trees selection

Repulsion Ep— Le® [ Tl e

Basal area after cut (m2/ha) :

b etWe e n Weight of distance to dosest focal tree :
Weight of spedies : Epicea: 0 |Hetre : Sapin: |10 |

Weight of dbh :

. '
F o Ca I t re e S Weight of the number of tree microhabitats : 0.0 ‘> \)
Weight of light use effidency : 0.0
0.0 L o WY | | '
0.0

9 |

Weight of distance to dosest cut tree :

Weight of random naise :

Distances
calculated
In a torus system ' o

Focal trees
N=10 Focal_Index = 1 * Dist_to_nearest_focal _tree
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¥ Multi Criteria Thinner

Focal trees selection [ Preview
Number of focal trees :

Weight of distance to dosest focal tree :

Weghtof secis: Epkea: [o_|veve: [0 |5

Weight of dbh :

Weight of the number of tree microhabitats :

FO Ca I t re e S Weight of ight use efficiency :

Weight of random noise :

TR

- Cut trees selection

H u ge 7] Cut focal trees

Basal area after cut (m2/ha) :

Weight of distance to dosest focal tree :

Distant from other | .=t .

Weight of dbh :
F I t Weight of the number of tree microhabitats :
OcCal trees P

Weight of distance to dosest cut tree :
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Weight of random noise :

Cut
Trees close to
Focal trees
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Focal trees
N=10 Focal_Index = 1 * DBH + 1* Dist_to_closest_focal
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Cut trees
G_AfterCut =25 Cut_Index =-1 * Distance_to_nearest_focal_tree
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| Focal trees selection [Preview

Number of focal trees :
Weight of distance to dosest focal tree :

Weight of species : Epice : |2.0| Hetre : [2.0] Sapin:

]

£
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Weight of dbh : ]
Weight of the f tree microhabitats : E p

R t M Weight of light ency : oo | = F— -

e a I n Weight of random noise : oo | L 1 o T |C-/ )Q

- Cut trees selection L )

H u ge [F] €ut focal trees = 1 I I § L
Basal area after cut (m2ha) : 50| k_) r—-
Weight of distance to dosest focal tree : o]

B
(
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Habitat trees Weight of species : Epicea s 20| Hetre : [2.0] Sapin 3. T AC
Weight of dbh : 1 LA j —

Weight of the number of tree microhabitats :

Weight of ight use efficiency :
Weight of distance to dosest cut tree :

C u t Weight of random noise :
Huge, | >
Trees distant from A St 7

Other cut trees | (\5 B L}
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Focal trees
N=10 Focal_Index = 50 * Nb_tree_microhabitats + 1 * DBH

Cut trees
G_AfterCut =25 Cut_Index = 1* DBH + 3 * Distance_to_nearest_cut_tree
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Benefits:
Possibility to reproduce a high variety of strategies

New criteria can be added easily
Randomness can be added as a new criteria

Fast computing if a distance matrix is calculated only once
Qualitative and quantitative criteria can be combined
Good framework to

formalize expert strategies

do simulation experiments
Limits:

Numerical optimisation -> a same set of parameters can produce different tree
selections
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Perspectives
Test the tool !
Standardize criteria to make weighting easier

Introduce non-linearities to represent preferences
among criteria better

Add new criteria

Compare strategies making simulation experiments
in the weight space

Estimate expert strategies on marteloscopes

20
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